Prior to registering for the Cornerstone Design course, students are required to have taken core Mechanical Engineering courses including Engineering Design Graphics, Statics, Mechanics, Thermodynamics, and Fluid Mechanics. In addition to these courses, each student is also required to have completed at least one co-op block of work experience. The reason for the course requirements and the timing of the course offering is to introduce students to an open-ended design problem that is addressed in a project-group setting. This course reinforces the core concepts of mechanical engineering while showing how they can be integrated together. The main goals of the Cornerstone Design course are to:
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Apply the theory of the core Mechanical Engineering courses in a real-world engineering design context Introduce students to a structured and logical design process Expose students to design tools and processes that address different stages of the design process Convey the importance of customer requirements Teach students how to utilize the web-based project management tools available to them Show the importance of team work and understanding group dynamic challenges associated with working in a large team (5-7 students). Work with students to develop presentation material appropriate for the target audience
The course textbook currently used is "Engineering Design" by Dym and Little [2] . A web-based project management environment called the "Engineering Design Guide and Environment", or EDGE, is also heavily utilized in this course. EDGE 1 was developed to help student teams collaborate on 1 The EDGE site, https://edge.rit.edu, is extensible and undergoing continual improvements. All statements regarding EDGE are current as of 2009. design projects. The entire course syllabus, calendar of class meeting topics, course deliverables and grading breakdown are posted on the EDGE website. Cornerstone Design is typically the students' first introduction to the EDGE environment. Subsequent courses such as Design Project Management and Senior Design exclusively use the EDGE web site for project management. The introduction to the layout, content, and benefits of the EDGE website has proven to be valuable in acclimating students to the environment prior to their upperlevel classes.
Groups of five to seven students are randomly assigned to design a solar powered residential hot water and space heating system. Each group must interview a fictional homeowner family from varying locations within the USA to determine the specific needs of their client in order to deliver a system design that is acceptable from a technical and economic standpoint. Recommended project team sub-system roles include analyzing the following critical system areas: Foundation Structure Building Thermal Architecture Hydronics Solar Thermal Integration
Throughout the course many different design tools and processes are discussed and utilized. Several of these design tools include affinity diagrams, objective trees, pairwise comparisons, weighted voting, brainstorming, functional black boxes and morphological charts. Information derived from these tools is presented in three group deliverables throughout the course; a customer needs assessment, a preliminary design review, and a final project review.
The customer needs assessment verifies that the project group understands the unique customer requirements for their particular client. The format for evaluating each project team's customer needs assessment incorporates an interview-style discussion between the instructor and the project team.
For the preliminary design review (PDR), each student is expected to have completed a preliminary analysis of multiple design options for their respective subsystem in preparation for a meeting with the homeowner and the building contractor. Historically, this presentation has been given with Power Point slides. Questions were addressed at the completion of the presentation.
In the past, the final project review consisted of two parts: a formal presentation referenced as the critical design review (CDR) and a technical report. Teams typically expanded on the first Power Point presentation from the PDR to include a comprehensive analysis of the final selected design for the subsequent CDR. In addition to the CDR, teams were required to electronically submit a detailed technical report, justifying their final system design.
MOTIVATION FOR AN ALTERNATE FINAL PROJECT REVIEW FORMAT
Upon reflection of the final CDR project summary, it was determined that the two methods (presentation and technical report) of documenting the final system design both had potential areas for improvement. The CDR did not present a significant challenge to project teams since they typically performed limited reworks of the PDR presentation to incorporate final design modifications. Additionally, the technical report left team members working independently on their subsystem documentation with very little integration towards the final comprehensive design.
With these concerns in mind, it was decided that an alternative final project evaluation method would be pursued. By their third year, students typically have had significant Power Point exposure.
No change to the presentation style was implemented for the PDR, since it is a useful and common communication tool that is heavily used in industry. Based on Edward Tufte's "The Cognitive Style of PowerPoint: Pitching Out Corrupts Within" [3] , an alternative was investigated for the final project assessment.
Tufte's recommendation is to use an A3 paper handout folded in half to create a four page pamphlet. This handout can effectively show images, data graphics and text. He goes on to suggest that this paper handout can provide the same content as 50 to 250 typical Power Point slides. Based on this concept, a modification for the final project assessment was presented to the department head who suggested looking into the A3 Report format as used by Toyota [4] .
A3 REPORT BACKGROUND
The Toyota A3 report is an efficient communication tool used by engineering design teams to convey large amounts of information in a well-organized manner to management. Depending on the audience and the design stage the team is currently in, there are several different formats of A3 reports that can be used with customers, colleagues, and management. One of the key features of the A3 report is the format standardization that is expected when generating and reviewing the document. There is a very structured layout for the A3 report that typically utilizes one side of an A3 size paper. Typical topics covered in an A3 status report include background information, clearly stated objectives, the implementation approach, the current total effect, issues and resolution actions as shown in Figure 1 .
The instructors identified three major motivations for utilizing a report format with similarities to the A3 report format as a final project evaluation tool.
Firstly, the A3 report is more representative of a real-world design review setting where there is greater interaction and personal accountability for each team member to address their part of the project. Toyota has developed the A3 report as a management communication tool which can be used for a comprehensive design project review. Exposing students to proven real-world design tools utilized in highly successful companies is a powerful argument that legitimizes the approach.
Secondly, past design reviews for this course utilized a PowerPoint type of presentation for evaluation of a project status. Introducing students to an alternative project review process was intended to address the "death by PowerPoint" syndrome most engineers experience throughout their careers. PowerPoint presentations are often an inefficient use of time due to their bloated size, inclusion of extraneous data, number of slides, and the presenters' habit of reading the slides to an audience.
Thirdly, a final goal of utilizing the A3 report as an alternative to typical presentations was to force teams to work closely, identify the critical aspects of their design, and prepare for detailed questions regarding their design. A natural outcome of using the A3 report is that each team member must substantiate the value of the information they are suggesting be included in the report to fellow team members. Due to the strict limitation on the available space in an A3 report, all report information included must be critical to the communication of the project status.
Ultimately the very structured layout of the A3 report did not exactly lend itself for direct implementation into the class. A Project Summary Report (PSR) was developed to take advantage of the clear benefits associated with the A3 report, but modified to meet the demands of the course.
GETTING BUY IN -UTILIZING AN AFFINITY DIAGRAM
None of the students had any dealings with the A3 type of report format prior to this course. The instructors wanted the focus for the final technical review to be on technical content rather than on the newly introduced PSR format. To alleviate the concerns associated with learning the PSR format, each of the classes was lead through an affinity diagramming session to engage team members in the development of a class PSR template.
Affinity diagrams, also known as the KJ method after its creator Jiro Kawakita, are a way of organizing a collected set of data [5] . Affinity diagrams are typically used if there are a large number of ideas, complex issues, or if it is necessary to reach agreement in a group setting. A procedure for preparing an affinity diagram is presented in "Quality Toolbox" [5] [p96] and summarized below: To implement affinity diagramming within the classes, each student was given a stack of Post-It ® notes. They were asked to think of what information they felt should be included in the report format and to record each idea on separate notes. While the students worked on brainstorming ideas, a large version of the paper, front and back, was drawn on the white board. After several minutes of generating ideas, students were asked to place their Post-It ® notes on the white board as shown in Figure  2 . The class discussed main topic ideas that were generated through the Post-It ® notes as well as the order in which they should be presented. Each of the classes conducted this exercise independently and captured the results of the group exercise. The two classes developed near identical lists of information to be included in the final PSR format. From this exercise, a template was created using Microsoft Publisher for use by the teams (Appendix A).
Figure 2: Student Affinity Diagramming White Board Activity
The reaction from the students to incorporating the affinity diagram tool into the introduction of the PSR format was very positive. The students felt quite confident that they knew what should be included in the report after completing the exercise. An additional benefit of the activity was that it provided the opportunity to introduce the affinity diagram brainstorming tool to the teams.
IMPLEMENTATION SUMMARY
The PSR discussion utilized in class drew from the A3 report premise discussed in the Toyota Way Fieldbook. Because of the novelty of the approach with respect to the students and the scope of the project, the adapted template allowed teams to consolidate the critical aspects of their design onto an 11" x 17" sized paper, front and back. The electronic version of the report was submitted 24 hours prior to the discussion. Printouts were generated at the final project review for all participants.
The premise of the discussion was that teams were pitching their design to their technical supervisor. Two teams at a time met with the instructors in a classroom with a central table and many chairs. Questions were interjected throughout the meeting as individual team members discussed their subsystem design. Due to the physical size limitations of the report format, students needed to know what they should discuss, and not fall back on reading a slide. Where space issues did not allow all information to be presented appropriately, teams were encouraged to bring supplemental information, either in printed form or referenced electronically on a provided team website. Each team had one hour to provide complete coverage of their final system design.
The final technical discussion was held after the class completed their course evaluation forms so no official feedback from students was collected. As discussed before, this was the first time that the PSR format had been implemented within the course. An informal discussion took place immediately following the final technical review to evaluate the students' thoughts on how it suited the deliverable. Both instructors were surprised by the overwhelmingly enthusiastic response to the new format. Students commented that the limited space required them to work together as a group and restrict the information presented to the critical aspects of the design. Images, graphs, and tables were prominent in the PSR since they are able to convey a large amount of information in a small space.
STUDENT FEEDBACK
To get a better gage on the students' feelings regarding the use of the PSR format, a voluntary online survey was conducted several weeks after the end of the course. Out of thirty three students, ten students responded to the survey consisting of the following 5 questions: The feedback from the students was very informative. Rather than selecting a few favorable comments, all comments received are included below.
With regard to question 1 feedback was very positive, with six students strongly recommending and four students recommending utilizing the A3 report format.
The ten responses to question 2 regarding the strengths of the A3 report were:
Everything The eight responses to question 4 regarding the one change they would make to the A3 report format were:
The three sections that were on the first page did not take up as much space as the second page; if the second page sections could have spilled over onto the first page, it might have looked a little more even.
incorporate this "tool of industry" into curriculum throughout a student's time at college.
In conducting research for this paper, it was brought to the authors' attention that the A3 report format has been implemented recently in several classes in the Industrial and Systems Engineering (ISE) department at Rochester Institute of Technology. In the ISE department, the A3 reports focus on Problem Solving and Proposal activities. The A3 report as detailed in this paper was not based on examples or work done in the ISE department. After discussing the implementation of A3 report formats within the classroom there may be an opportunity for future collaboration between the departments. Perhaps more engineering departments are utilizing this style of design review within classes, but the results from a literature review do not support that assessment.
CONCLUSIONS
The PSR format based on the A3 report will continue to be implemented and developed as the final technical design report format in the Cornerstone Design course at the Rochester Institute of Technology. The opportunities for improvement will be addressed in future course offerings and formal student feedback will continue to be gathered and evaluated. The strengthened collaboration between team members and the technical roundtable discussion with immediate feedback were two of the most significant benefits realized by this approach. The use of the PSR also demanded internal group member evaluation for clarity and relevance of all information to be included in the document. Overall, the PSR format benefits were recognized and appreciated by both instructors and students.
